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Das 

Archiv  fiir  Entwicklungsmechanik  der  Organismen 

steht  offen  jeder  Art  von  exakten  Forschungen  liber  die  ,,Ursachen"  der 
Entstehung,  Erhaltung  und  Kiickbildung  der  organischen  Gestaltungen*). 

Bis  auf  weiteres  werden  auch  kritische  Referate  und  zusammen- 
fassende  Ubersichten  iiber  andern  Orts  erschienene  Arbeiten  gleichen 
Zieles,  sowie  Titeltibersichten  der  beziiglichen  Literatur  aufgenommen. 

Das  Archiv  erscheint  zur  Ermb'glichung  rascher  Veroffent- 
lichung  in  zwanglosen  Heften  sowohl  in  bezug  auf  den  Umfang,  .wie 
auch  auf  die  Zeit  des  Erscheinens ;  mit  etwa  40  Druckbogen  wird  ein 
Band  abgeschlossen. 

Die  Herren  Mitarbeiter  erhalten  unentgeltlich  60  Sonderdrucke 
ihrer  Arbeiten;  eine  grb'Bere  Anzahl  Sonderdrucke  wird  bei  Voraus- 
bestellung  gegen  Erstattung  der  Herstellungskosten  geliefert  unter 
der  Voraussetzung,  daB  die  Exemplare  nicht  fiir  den  Handel  be- 
stimmt  sind.  Referate,  Besprechungen  und  Autoreferate  werden 
mit  Ji  40. —  fiir  den  Druckbogen  nach  SchluB  des  Bandes  honoriert. 

Die  Zeichnungen  der  Textfiguren  sind  im  Interesse  der 
rascheren  Herstellung  womoglich  in  der  zur  Wiedergabe  durch 
Zinkatzung  geeigneten  Weise  auszufiihren**).  Die  Textfiguren  sind 
vom  Texte  gesondert  beizulegen;  an  den  Einfugungsstellen  im 
Texte  sind  die  Nummern  der  bezuglichen  Figuren  anzubringen.  Sind 
die  eigentlich  fiir  den  Text  bestimmten  in  linearer  bzw.  punk- 
tier  ter  Manier  hergestellten  Figuren  sehr  zahlreich,  so  werden  sie 
besser  auf  Tafeln  beigegeben.  Tafeln  sind  in  der  Ho  he  dem 
Format  des  Archivs  anzupassen ;  fiir  jede  Tafel  ist  eine  Skizze  iiber 
die  Verteilung  der  einzelnen  Figuren  beizufiigen. 

Die  Erklarungen  der  Tafel-  sowie  auch  der  Textfiguren  sind 
auf  besonderen  Blattern  beizufiigen. 

Die  Einsendung  von  Manuskripten  wird  an  den  Herausgeber 
erbeten. 

Der  Herausgeber :  Der  Verleger : 

Prof.  Dr.  Wilh.  Boux,  Wilhelm  Engelmann, 

HALLE  a/S.  (Deutschland).  LEIPZIG. 


*)  Den  in  nichtdeutscher:  in  englischer,  italienischer  oder  franzo- 
sischer  Sprache  zu  druckenden  Originalabhandlungen"  ist  eine  kurze  Zu- 
sammenfassuug  der  Ergebnisse,  sei  es  in  der  Sprache  des  Originals  oder  in 
deutscher  Sprache  beizufiigen. 

**)  Dies  geschieht  in  1  i  n  e  a  r  e  r  bzw.  punk  tier  ter  Zeichnung  mit  tief  s  chwarzer 
Tinte  oder  Tusche,  kann  aber  leicht  auch  durch  nachtragliches  Uberzeichnen  der 
Bleistiftzeichnung  mit  der  Tuschfeder  hergestellt  werden.  Wer  jedoch  im 
Zeichnen  mit  Feder  nicht  geubt  ist,  kann  die  einfache  Bleistiftzeichnung  ein- 
senden,  wonach  sie  von  technischer  Seite  iiberzeichnet  wird.  Die  Bezeichnungen 
(Buchstaben  oder  Zififern)  sind  bloC  schwach  mit  Bleistift  einzutragen,  sofern  sie 
der  Autor  nicht  kalligraphisch  herzustellen  vermag.  Anweisungen  fiir  die 
Herstellung  wissenschaftlicher  Zeichnungen  zu  Textfiguren  mit  Aus- 
fiihrungen  Uber  die  einzelnen  Herstellungsarten  und  Proben  derselben  stellt  die 
Verlagsbuchhandlung  den  Herren  Mitarbeitern  gern  unentgeltlich  zur  Verfugung. 
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It  is  a  fact  generally  recognized  that  in  many  cases  of  hybridi- 
zation the  dominance  of  Mendelian  characters  in  the  heterozygote  is 
incomplete.  This  incompleteness  in  development  may  be  permanent 
and  give  rise  to  intermediates;  or  it  may  be  temporary,  obtaining 
only  in  the  juvenile  forms,  later  giving  way  to  complete  dominance 
of  the  characters  involved. 

With  a  view  to  getting  rational  insight  into  such  cases  the  writer 
has  proposed  a  biochemical  analysis  of  dominance  *).  The  justific- 
ation for  such  an  assumption  is  that  biologists  as  a  rule  accept  the 
fact  of  a  biochemical  basis  for  life  phenomena.  Thus  LOEB  2)  very 
strikingly  has  shown  that  the  action  of  the  spermatozoon  in  fertilizing 
an  egg  is  chemical  in  character.  ROBERTSON  3)  has  pointed  out  the 
fact  that  the  rate  of  growth  of  organisms  may  be  interpreted  as  an 
autocatalytic  reaction. 

PnisiLAx4)  has  proven  that  .the  tyrosinase  which  he  found  present 
in  the  larvae  of  the  cockroach  (Phyllodromia  germanica)  gives  rise 
to  the  pigment  of  the  tegument  by  oxydizing  tyrosin.  In  the  newly 
hatched  larvae  the  tegument  is  white  but  during  the  following  three 


1)  MOORE,  A.  E.,  Univ.  of  Calif.  Publ.  Physiology.    (1910.)   Vol.4,   p.  9— 15. 

2)  LOEB,  J.,  Chemische  Entwicklungserreg.  des  tierischen  Eies.   Berlin  1909. 

3)  ROBERTSON,  T.B.,  Arch.  f.Entw.-Mech.  Bd.25.  S.581u.f.  Bd.26.  S.lOSu.f. 

4)  PHISILAX,  M.  C.,  Comptes  rendus  soc.  biol.    (1905.)    Vol.  59.    p.  17. 
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hours  it  changes  through  gray  and  brown  to  black.  PHISILAX  was 
able  to  observe  the  same  changes  in  liquid  pressed  from  the  young 
larvae.  He  concluded  that  »the  cause  of  change  in  color  is  due  to 
the  action  of  the  tyrosinase  upon  the  tyrosin,  these  two  substances 
existing  in  the  embryo  long  before  development  and  it  is  probable 
that  they  coexist  in  the  egg  or  that  they  are  deposited  at  the  time 
of  ovogenesis*.  Recently  GoRTNER1}  has  shown  in  other  cases  that 
the  pigmentation  of  the  insect  larvae  is  due  to  the  interaction  of  a 
chromogen  and  a  member  of  the  tyrosinase  group.  RIDDLE  2)  says 
»In  accounting  for  melanin  color  characters  I  would  maintain  that 
we  can  account  for  all  the  major  happenings  of  color  development 
and  inheritance  with  extremely  little  assumption.  It  is  known  that 
one  oxidase  is  concerned.  It  is  known  that  the  germ  possesses 
actively  the  power  to  oxidize  amino  acids.  I  think  we  need  make 
use  of  nothing  in  the  germ  but  just  this  power.  It  is  known  that 
the  protoplasm  of  different  species,  of  different  tissues,  of  different 
parts  of  the  cell,  possess  different  powers  of  oxidizing  protein  bodies. 
The  fate  of  color  characters  is  then  bound  up  1)  in  the  union  of 
these  particular  powers  of  the  two  germ  cells;  2)  in  the  origin 
(through  other  outside  developmental  processes)  of  favorable  and 
unfavorable  regions  for  tyrosin  oxidations;  and  3)  in  environmental 
conditions. «  BATESON3)  states  that  »In  at  least  a  large  number  of 
cases  the  inheritance  of  characters  consists  in  the  transmission  of 
the  power  to  produce  something  with  properties  resembling  those 
of  ferments*. 

Such  facts  make  reasonable  the  assumption  that  something  of 
the  nature  of  an  enzyme  exists  in  the  germ  cell  and  is  vitally  con- 
cerned in  the  development  of  inherited  characters.  While  such 
definite  chemical  compounds  never  have  been  isolated  from  the  germ 
cells,  the  assumption  of  the  existence  of  such  substances  does  much 
to  unify  the  many  sided  results  in  inheritance  experiments  as  well 
as  to  make  clear  some  of  the  problems  of  the  future.  For  the  sake 
of  convenience,  then,  let  us  call  these  substances  enzymes.  Since 
we  know  precisely  many  of  the  laws  governing  chemical  reactions 
in  vitro,  our  theory  enables  us  to  explain,  if  not  to  predict,  the  re- 
sults of  chemical  reactions  concerned  in  fertilization  and  development. 

1)  GORTNER,  R.  A.,  Journ.  of  Biol.  Chera.    (1910.)    Vol.  7.    p.  365.    (1911.) 
Vol.  10.    p.  89. 

2)  KIDDLE,  0.,  Biol.  Bulletin.    (1908.)    Vol.  16.    p.  339. 

3)  BATESON,  W.,  MENDEL'S  Principles  of  Heredity.    (1909.)    p.  268. 
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Therefore,  accepting  the  presence  and  absence  hypothesis  and 
adopting  a  biochemical  theory  of  inheritance,  we  may  say  that  each 
germ  cell  from  the  dominant  parent  contains  a  full  amount  of  the 
enzyme  underlying  the  development  of  the  dominant  characters  while 
the  germ  cells  of  the  recessive  contain  none.  The  hybrid  resulting 
from  the  cross  between  these  two  parents  would  have  but  one  half 
the  normal  amount  of  enzyme  necessary  for  the  development  of  the 
dominant  characters.  Now  the  velocity  of  a  chemical  reaction  de- 
pends upon  the  concentration  of  the  reacting  substances  and  in  enzyme 
reactions  varies  directly  as  the  concentration  or  as  the  square  root 
of  the  concentration  of  the  enzyme.  The  final  equilibrium  in  enzyme 
reactions  in  most  cases  is  unaffected,  in  other  cases  it  bears  some 
relation  to  the  concentration  of  the  enzyme  *). 

If  these  laws  are  operative  in  the  development  of  organisms, 
then  in  our  hypothetical  F^  individual,  the  dominant  character  should 
appear  more  slowly  than  in  the  pure  dominant  strain,  although  final 
equilibrium  may  be  the  same.  The  perfect  development  of  dominant 
characters  may  be  inhibited  1)  by  the  cessation  of  reactions  upon 
the  products  of  which  such  characters  depend  for  their  full  develop- 
ment. Thus  the  vegetative  growth  of  many  plants  ceases  when 
sexual  products  are  formed.  2)  The  equilibrium  of  the  reaction  may 
be  affected  by  the  concentration  of  the  enzyme.  In  either  of  these 
two  cases  the  development  of  the  dominant  character  will  not  be 
complete  and  as  a  result  we  shall  have  only  intermediate  domi- 
nance. 

Now  the  rate  of  development  of  a  dominant  character  in  the 
heterozygote  may  be  retarded  but  the  process  finally  reaches  perfect 
equilibrium  so  that  the  heterozygote  cannot  be  distinguished  from 
the  pure  dominant.  Perhaps  the  best  illustration  is  in  the  case  of 
LANG'S  2)  experiment  with  snails.  In  these  experiments  LANG  crossed 
red  and  yellow  parents.  In  the  F2  generation,  when  the  animals 
were  young,  the  heterozygotes  were  yellow  so  that  the  ratio  appeared 
3  yellow:  1  red.  As  they  grew  older  the  red  pigment  developed  in 
the  heterozygotes  and  at  maturity  the  ratio  was  3  red:  1  yellow3). 


1)  TAYLOR,  A.  E.,  Journ.  Biol.  Chem.    (1910.)    Vol.  8.    p.  503. 

2)  LANG,  tlber  die  Bastarde  von  Helix  hortensis  Miiller  und  Helix  nemo- 
ralis  L.    Eine  Untersuchung  zur  experimentellen  Vererbungslehre.    (1908.)   Jena. 

3)  SHULL  uses  this  example  to  explain  the  apparent  dominance  of  absence 
over  presence  and  concludes  that  in  such  cases  the  positive  character  is  only 
latent  in  the  heterozygote.   Am.  Naturalist.    (1909.)    Vol.  43.    p.  410. 
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To  turn  to  a  more  familiar  example  of  the  working  out  of  this 
hypothesis,  we  may  note  the  inheritance  of  hair  and  eye  pigment  in 
the  human  species.  Young  children  who  are  the  result  of  a  cross 
between  a  blond  and  a  brunette  usually  are  blonds  but  develop  more 
hair  and  eye  pigments  later  in  life.  In  the  children  of  two  brunettes 
hair  and  eye  pigments  appear  strongly  in  infancy. 

It  occurred  to  me  that  a  phenomenon  of  the  same  nature  might 
be  observed  in  the  development  ot  the  larvae  of  the  two  Pacific  Coast 
sea  urchins  (Strongylocentrotus  purpuratus  and  8.  franciscanus]  and 


Fig.  1. 


Fig.  2. 


Fig.  3. 


their  hybrids.  In  preparing  the  cultures  much  the  same  precautions 
against  contamination  with  the  wrong  sperm  were  used  as  last  year1), 
viz:  a  pipette  was  not  used  a  second  time  until  after  it  had  been 
cleaned  with  fresh  water  and  dried.  The  eggs  of  but  one  female 
of  each  species  were  used  for  purposes  of  comparison.  The  cultures 
of  one  set  were  all  started  at  the  same  time.  I  did  not  study  the 
FQ  x  PC?  hybrids  because  such  larvae,  with  few  exceptions,  are 
pathological.  As  soon  as  the  blastulae  came  to  the  surface  of  the 
water  they  were  pipetted  off  and  put  into  a  finger  bowl  containing 
50  cc.  of  sea  water.  About  forty-eight  hours  after  fertilization 
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LOEB,  J.,  KING,  W.  0.  R.,  and  MOORE,  A.  R.,  Arch.  f.  Entw.-Mech.   Bd.  29. 
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(Temp.  16° — 18°C)  the  skeletons  began  to  be  deposited  and  soon  the 
larvae  assumed  the  characteristic  pluteus  form  (Figs.  1,  2,  and  3). 

LOEB,  KING,  and  MOORE  have  shown  that  the  spininess  of  the 
skeleton,  early  development  of  arms,  cross  bars  and  dome  shaped 
body,  all  S.  franciscanus  characters,  are  dominant  over  the  smooth 
skeleton,  lack  of  cross  bars,  short  arms  and  pyramidal  form  of  the 
S.  purpuratus.  My  plan  was  carefully  to  record  the  development 
of  the  larvae  from  day  to  day  and  determine  whether  the  dominant 


Fig.  4. 


Fig.  5. 


Fig.  6, 


characters  appeared  in  the  hybrid  plutei  as  soon  as  in  the 
pure  culture.  I  have  followed  through  five  sets  of  experiments. 
Each  experiment  contained  thousands  of  larvae.  I  find,  in  all  cases, 
that  the  development  of  the  dominant  characters  —  such  as  spininess, 
length  of  arms,  and  body  shape  -  -  is  retarded  in  the  heterozygote. 
I  had  at  first  supposed  that  the  amount  of  cross-bar  formed  might 
be  a  reliable  index  to  the  rate  of  development  of  the  dominant 
characters.  This,  however,  is  not  true,  because  in  some  cases  I  found 
the  cross  bar  fused  in  the  hybrid  plutei  on  the  third  day  while  in 
other  cases  it  had  entirely  failed  to  fuse  on  the  fifth.  This  is  due 
to  the  fact  that  the  enlargement  of  the  gut  pushes  the  skeleton 
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apart  to  a  greater  degree  in  some  cases  than  in  others.  A  large 
number  of  drawings  with  the  camera  lucida  were  made  each  day. 
For  the  sake  of  clearness  I  have  given  in  the  figures  illustrating 
this  paper,  drawings  of  but  two  representative  plutei  of  each  culture 
each  day.  These  are  drawings  made  with  camera  lucida.  They 
therefore  show  the  relative  size  of  franciscanus  and  purpuratus  larvae. 
A  comparison  of  the  juvenile  plutei  (Figs.  1,  2,  and  3)  shows  the 
hybrid  to  differ  very  little  from  the  pure  purpuratus  except  for  the 


Fig.  7. 


Fig.  8. 


Fig.  9. 


cross-bars  in  the  former.  The  pure  franciscanus  larvae  are  more 
advanced  in  the  development  of  arms  but  otherwise  the  shape  differs 
scarcely  at  all  from  Figs.  1  and  2.  By  the  beginning  of  the  fourth 
day  the  franciscanus  plutei  (Fig.  6)  have  attained  complete  develop- 
ment both  as  to  spininess,  length  of  arms,  and  body  shape.  The 
hybrid  (Fig.  5)  only  occasionally  has  spines  at  this  stage ,  the  arms 
are  somewhat  longer  than  the  pure  purpuratus  (Fig.  4)  but  the  body 
shape  is  much  the  same.  Twenty-four  hours  later  the  franciscanus 
plutei  (Fig.  9)  have  the  same  form  as  on  the  day  before ,  but  the 
hybrid  (Fig.  8)  shows  slightly  longer  arms,  a  body  shape  more  like 
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that  of  franciscanus  than  that  of  the  purpuratus  (Fig.  7) ,    and    a 
.marked  increase  in  spininess  of  the  skeleton. 

The  whole  case  may  be  summed  up  by  saying  that  the  francis- 
canus characters  are  retarded  in  their  development  in  the  hybrid, 
just  as  is  the  development  of  red  pigment  in  LANG'S  heterozygote 
snails.  As  we  have  stated,  such  a  result  is  susceptible  of  explan- 
ation if  we  consider  development  of  the  characters  of  an  organism 
as  due  to  chemical  reactions.  Since  the  substance  which  produces 
the  characters  of  franciscanus  is  present  in  the  hybrid  in  one  half 
the  normal  amount,  the  reactions  involved  in  producing  these  charac- 
ters will  go  on  at  a  velocity  less  than  that  in  the  pure  strain.  To 
refer  to  a  well  known  chemical  reaction,  peptic  digestion  proceeds 
at  a  rate  which  is  proportinal  to  the  square  root  of  the  concentration 
of  the  ferment  present  in  the  system.  If  this  substance  which  under- 
lies the  formation  of  dominant  characters  in  the  hybrid  larvae  be 
governed  by  such  a  law  as  is  peptic  digestion,  then  the  velocity  of 
development  of  the  franciscanus  characters  in  the  hybrid  should  be 
seven-tenths  that  in  the  pure  franciscanus,  since  the  ratio  is  VI  :  VJ/2* 
Therefore,  the  rate  of  the  reaction  in  the  hybrid  is  only  slightly 
less  than  in  the  pure  breed.  This  corresponds  well  with  the  small 
amount  of  difference  in  the  rate  of  development  of  the  dominant 
characters  which  we  have  observed  in  the  plutei  of  sea  urchins. 

Summary. 

1)  It  has  been  found  that  the  rate  of  development  of  the  domi- 
nant characters  of  body  shape  and  skeleton  formation  in  sea  urchin 
larvae,  is  less  in  the  heterozygote  than  in  the  pure  dominant. 

2)  Attention  is  called  to  the  fact  that  in  the  case  of  snails  in- 
vestigated by  LANG  the  rate  of  development  of  the  dominant  color 
is  less  in  the  heterozygote  than  in  the  pure  dominant. 

3)  According  to  our  hypothesis  that  the  substances   underlying 
the  formation  of  dominant  characters  obey  the  laws  governing  enzyme 
reactions,  we  should  expect  these  reactions  to  go  forward  at  a  slower 
rate  in  the  heterozygote  than  in  the  pure  dominant  because  the  former 
contains  but  one  half  the  amount  of  enzyme  to  be  found  in  the  latter. 

In  conclusion  I  wish  most  heartily  to  thank  Prof.  S.  S.  MAXWELL 
and  Prof.  T.  B.  ROBERTSON  for  the  helpful  interest  they  have  shown 
during  the  preparation  of  this  work. 
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Zusammenfassung. 

1)  Es  fand  sich,   daC  der  Entwicklungsbetrag  der  Dominantencharaktere 
in  Ko'rpergestalt  und  Skeletbildung   bei  Seeigellarven   fiir  den  Heterozygoten 
geringer  ist  als  fiir  den  reinen  Dominanteu. 

2)  Die  Aufmerksamkeit  wird  auf  die  Tatsache  gelenkt,  daJB  in  dem  Falle 
der  von  LANG  untersuchten  Schnecken  der  Entwicklungsbetrag  der  Dominanten- 
farbe  beim  Heterozygoten  geringer  ist  als  beim  reinen  Dominanten. 

3)  In  Ubereinstimmung  niit  unsrer  Hypothese,  daC  die  der  Bildung  von 
Dominantencharakteren    unterworfenen    Substanzen    den    Gesetzen    gehorchen, 
welche  die  Enzymreaktionen  beherrschen,  sollten  wir  erwarten,  daC  diese  Reak- 
tionen  beim  Heterozygoten  mit  geringerer  Geschwindigkeit  vor  sich  gehen  als 
beim  reinen  Dominanten,  weil  der  erstere  nnr  die  Halfte  soviel  Enzym  enthalt, 
wie  im  andern  zu  finden  ist.  (Ubersetzt  von  W.  Gebhardt.) 
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